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MASS FLOWMETER AND METHOD FOR CORRECTING THE 
MEASUREMENT SIGNAL OF A MASS FLOWMETER 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The invention relates to a mass flowmeter for flowing media which works on 
the Coriolis principle, with at least one straight measuring tube conveying the flowing 
medium, with at least one oscillation generator acting on the measuring tube, with at least 
one measurement value sensor detecting Coriolis forces and/or Coriolis oscillations based 
on Coriolis forces and outputting a measurement signal, with a supporting tube accom- 
modating the measuring tube, the oscillation generator and the measurement value sen- 
sor, with a stress sensor for detecting the stress state of the measuring tube and with a 
correction device for correcting the measurement signal, whereby the measuring tube and 
the supporting tube are connected to one another in a manner excluding relative axial 
movements and the axial spacing of the fixing points of the supporting tube to the meas- 
uring tube represents the oscillation length of the measuring tube and whereby the meas- 
urement value sensor and the stress sensor detecting the stress state of the measuring tube 
are connected to the correction device, in order to feed to the correction device the meas- 
urement signal and the stress signal outputted by the stress sensor detecting the stress 
state of the measuring tube. 

[0002] The invention further relates to a method for correcting the measurement signal 
of a mass flowmeter for flowing media, which works on the Coriolis principle and has at 
least one straight measuring tube conveying the flowing medium, at least one oscillation 
generator acting on the measuring tube, at least one measurement value sensor detecting 
Coriolis forces and/or Coriolis oscillations based on Coriolis forces and outputting a 
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measurement signal and a supporting tube accommodating the measuring tube, the oscil- 
lation generator and the measurement value sensor, whereby the measuring tube and the 
supporting tube are connected to one another in a manner excluding relative axial move- 
ments and the axial spacing of the fixing points of the supporting tube to the measuring 
tube represents the oscillation length of the measuring tube and whereby the stress state 
of the measuring tube is detected. 

[0003] With mass flowmeters for flowing media which work on the Coriolis principle, 
so-called Coriolis mass flowmeters, a distinction is basically made between, on the one 
hand, devices whose measuring tube is designed curved, e.g. loop-shaped, and on the 
other hand, devices whose measuring tube is essentially straight. Furthermore, a distinc- 
tion is made with the Coriolis mass flowmeters in question between, on the one hand, 
those that have only one measuring tube, and on the other hand, those that have two 
measuring tubes. In the case of the forms of embodiment of the Coriolis mass flowmeters 
with two measuring tubes, these can lie in a row or parallel to one another from the flow 
technology standpoint. 

[0004] Forms of embodiment of Coriolis mass flowmeters with which the measuring 
tube is designed straight, or with which the measuring tubes are designed straight, can, in 
view of the mechanical structure, be produced simply and consequently at relatively low 
cost. The Coriolis mass flowmeters obtainable in this way are compact and lead to only 
low pressure loss. 

[0005] The drawback with such Coriolis mass flowmeters with which the measuring 
tube is designed straight, or with which the measuring tubes are designed straight, is that 
both length changes of thermal origin and stresses of thermal origin as well forces and 
moments acting from outside lead to measurement errors and to mechanical damage, i.e. 
to stress cracks. 

Description of the Prior Art 

[0006] A mass flowmeter and a method for correcting the measurement signal of a 
mass flowmeter, as described at the outset, are known for example from DE 42 24 397 
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CI . With the Coriolis mass flowmeter described there, there is provided, as a stress sen- 
sor for detecting the stress state of the measuring tube, a length-change sensor which de- 
tects changes in the oscillation length of the measuring tube in order to correct the meas- 
urement signal in dependence on the oscillation length and the stress, 

[0007] Due to the fact that a length-change sensor detecting changes in the oscillation 
length of the measuring tube is provided in the case of this Coriolis mass flowmeter 
known from the prior art, a change in the oscillation length and in the axial stress state of 
the measuring tube influencing the oscillation frequency of the measuring tube can be 
taken into account, as a result of which measurement errors can be reduced or eliminated. 
With the additional provision of a temperature sensor, it is possible to reduce or eliminate 
measurement errors based on temperature changes of the measuring tube on the one hand 
and those based on forces acting on the measuring tube from the outside on the other 
hand. The length-change signals originating from the length-change sensor are a direct 
measure of changes in the oscillation length of the measuring line, irrespective of their 
origin, and an indirect measure of changes in the axial stress state of the measuring tube, 
also irrespective of their origin. The length-change sensor for detecting the changes in the 
oscillation length of the measuring tube thus makes it possible to detect changes in the 
oscillation length of the measuring tube and changes in the axial stress state of the meas- 
uring tube and to reduce or eliminate errors based thereon in the measurement signal 
when determining the value of the mass flow rate. 

[0008] As far as the measurement errors arising due to temperature changes are con- 
cerned, the following further applies: the temperature dependence of the modulus of 
elasticity influences the oscillation frequency and the flexibility of the measuring tube 
and thus the measurement signal outputted by the measurement value sensor. As a result 
of this knowledge, a temperature sensor detecting the temperature of the measuring tube 
is provided for the measurement-signal correction dependent on the measuring-tube tem- 
perature. In this regard, reference is also made to the article "Direct mass flow rate meas- 
urement, in particular with the Coriolis method" by W. Steffen and Dr. W. Stumm in 
"measurement, testing and automation", 1987, pp. 301 - 305. 
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[0009] Furthermore, a Coriolis mass flowmeter is known from the prior art, with which 
the ongoing temperature dependence of the measurement signal is taken into account by 
the fact that a temperature sensor detecting the temperature of the supporting tube is pro- 
vided for the measurement-signal correction dependent on the supporting-tube tempera- 
ture. This is described in DE 36 32 800 Al and in EP 0 261 435 Bl . The correction 
measures described there make provision such that the temperature-sensor signals gener- 
ated by the two temperature sensors are inputted into a correction device which is in- 
tended to remove the temperature influence on the measurement signal. 

[0010] All the previously described devices and measures that have been taken with 
Coriolis mass flowmeters to obtain a measurement-signal correction dependent on stress 
and temperature have led to an improvement in the ascertainment of the mass flow rate 
signal. The known measures are not, however, fully satisfactory, since it emerges that the 
ascertained mass flow rate signals continue to be bound up with errors, even though small 
ones. 

SUMMARY OF THE INVENTION 

[0011] Proceeding from this, the problem of the invention is to make available such a 
Coriolis mass flowmeter and such a method for correcting the measurement signal of a 
Coriolis mass flowmeter, with which an ongoing correction of the measurement signal 
and thus of the ascertained value for the mass flow rate can be achieved. 

[0012] Proceeding from the Coriolis mass flowmeter described at the outset, the previ- 
ously derived and expounded problem is solved by the fact that a stress sensor detecting 
the stress state of the supporting tube is provided, and the stress sensor detecting the 
stress state of the supporting tube is connected to the correction device in order to feed to 
the correction device the stress signal outputted by the stress sensor detecting the stress 
state of the supporting tube, so that a measurement signal can be outputted by the correc- 
tion device that is corrected on the basis of the stress signal outputted by the stress sensor 
detecting the stress state of the measuring tube and the stress signal outputted by the 
stress sensor detecting the stress state of the supporting tube. 
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[0013] According to the invention, therefore, in addition to the stress sensor for meas- 
uring the stress state of the measuring tube, there is provided a further stress sensor, i.e. 
one which detects the stress state of the supporting tube. The oscillation length and the 
axial stress state of the measuring tube, on the one hand, and the length and the axial 
stress state of the supporting tube, on the other hand, can thus be ascertained, whereby 
length changes and the stress state of the measuring tube and the supporting tube are in- 
fluenced to a differing degree by different influencing factors. 

[0014] If the information concerning the stress state originating from the measuring 
tube and the supporting tube, respectively, is used jointly for the measurement-signal cor- 
rection dependent on length and stress, a more effective correction of the measurement 
signal can be achieved compared with the measures known hitherto. In particular, it is the 
case that the stress sensor on the supporting tube is influenced only slightly by the tem- 
perature of the medium flowing through the measuring tube. The stress sensor on the 
supporting tube is, however, influenced much more markedly by the stresses acting from 
outside on the Coriolis mass flowmeter, such as traction, compression or torsion, and the 
ambient temperature. The ambient temperature for its part can influence the stress sensor 
on the measuring tube only slightly, since the temperature of the measuring tube is es- 
sentially determined by the temperature of the medium flowing through the measuring 
tube. As a result, it is essentially information concerning external influences that is pro- 
vided by the stress sensor provided on the supporting tube, so that, in combination with 
the information through the stress sensor for the stress state of the measuring tube, an im- 
proved measurement-signal correction dependent on length and stress is enabled overall. 

[0015] There are various options for ascertaining the corrected measurement signal on 
the basis of the stress signal outputted by the stress sensor detecting the stress state of the 
measuring tube and the stress signal outputted by the stress sensor detecting the stress 
state of the supporting tube. Within the scope of a theoretical model, for example, the in- 
terrelationships and dependencies of the factors influencing the measurement signal can 
thus be ascertained from the stress states of the supporting tube and the measuring tube in 
order to obtain a correction function. As a rule, however, mathematical correction con- 
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ventions for the measurement signal cannot be given in a closed form, so that recourse 
must be taken to iteration and approximation methods. 

[0016] According to a preferred embodiment of the invention, provision is made such 
that an empirically determined correction function is provided in the correction device in 
order to ascertain the corrected measurement signal. To ascertain such a correction func- 
tion, a medium with a known mass flow rate is for example passed through the measuring 
tube, and the stress states of the measuring tube and the supporting tube are determined 
with this known mass flow rate. A series of value triplets thus results, from which an em- 
pirical correction function can be determined by means of a matching procedure, a so- 
called fit procedure. 

[0017] Various stress sensors can be used as the stress sensors for the stress state of the 
measuring tube and the supporting tube. In particular, it is not necessary for the stress 
sensors to be fixed directly on the measuring tube and on the supporting tube. Stress sen- 
sors for contactless stress measurement are in fact also known. According to a preferred 
development of the invention, however, provision is made such that length-change sen- 
sors, i.e. wire strain gauges in particular, are provided as stress sensors, with which wire 
strain gauges stress and length changes in the measuring tube and the supporting tube can 
be detected. Such wire strain gauges fixable on the measuring tube and on the supporting 
tube are well known from the prior art as measuring sensors for mechanical magnitudes, 
such as small expansions, compressions, bends and torsions as well as the respective 
elastic stresses. The effective measuring element of such a wire strain gauge consists, for 
example, of a thin resistance wire, which is applied in a looped or zigzag form on an ex- 
pandable strip of a substrate material, such as plastic. If the wire strain gauge is applied 
on a deformable body, such as the measuring tube and the supporting tube of the Coriolis 
mass flowmeter, the wire strain gauge experiences, in the presence of loading, the same 
expansions or compressions as the measuring tube and the supporting tube itself, which 
leads to an elongation and transverse contraction of the resistance wire in the case of an 
expansion or to a shortening and transverse bulging of the resistance wire in the case of a 
compression and thus always to a change in the electrical resistance of the resistance 
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wire. This change in the electrical resistance is proportional to the expansion or compres- 
sion and thus, according to Hooke's law, to the elastic stress. 

[0018] In principle, different orientations of the stress sensors on the supporting tube 
and the measuring tube come into consideration. According to a preferred development 
of the invention, however, provision is made such that the stress sensor detecting the 
stress state of the measuring tube is orientated in the longitudinal direction of the meas- 
uring tube and/or the stress sensor detecting the stress state of the supporting tube is ori- 
entated in the longitudinal direction of the supporting tube. In this way, it ensures that, in 
fact, the length changes detected by the stress sensors are changes in the actual oscillation 
length of the measuring tube and the actual length of the supporting tube. 

[0019] Proceeding from the initially described method for correcting the measurement 
signal of a Coriolis mass flowmeter, the problem derived and expounded above is solved 
by the fact that the stress state of the supporting tube is detected and the measurement 
signal is corrected on the basis of the detected stress state of the measuring tube and the 
detected stress state of the supporting tube. 

[0020] Preferred embodiments of the method according to the invention emerge, 
moreover, by analogy with the preferred embodiments of the Coriolis mass flowmeter 
according to the invention. 

[0021] In detail, there are a large number of possibilities for configuring and develop- 
ing the mass flowmeter according to the invention and the method according to the in- 
vention for correcting the measurement signal of a Coriolis mass flowmeter. In this re- 
gard, reference is made to the dependent claims and to the following detailed description 
of a preferred invention embodiment, reference being made to the drawing. 
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BRIEF DESCRIPTION OF THE DRAWING 

[0022] In the drawing, the single figure shows in cross-section a Coriolis mass flow- 
meter according to a preferred example of embodiment of the invention. 

DESCRIPTION OF THE PREFERED EMBODIMENT 

[0023] The Coriolis mass flowmeter shown in cross-section in the figure has a single 
straight measuring tube 1, an oscillation generator 2 acting on measuring tube 1 and two 
measurement value sensors 3 detecting Coriolis forces and/or Coriolis oscillations based 
on Coriolis forces. Furthermore, a supporting tube 4 for accommodating measuring tube 
1 , oscillation generator 2 and measurement value sensors 3 is provided. In order to detect 
the stress state of measuring tube 1, there is arranged thereon a stress sensor 5, i.e. in the 
form of a wire strain gauge. The latter is connected to a correction device 6 for correcting 
the measurement signal, in order to feed to said correction device the stress signal out- 
putted by the stress sensor 5 detecting the stress state of measuring tube 1 . Correction de- 
vice 6 is further connected to measurement value sensors 3, in order also to feed the 
measurement signals coming from measurement value sensors 3 to correction device 6. 
As is well known, a signal proportional to the mass flow rate through measuring tube 1 
emerges directly through the phase shift of the oscillation signals picked up by the two 
measurement value sensors 3. 

[0024] Apart from stress sensor 5 for detecting the stress state of measuring tube 1, 
there is also provided a stress sensor 7 for detecting the stress state of supporting tube 4, 
also in the form of a wire strain gauge. The stress signal detected by stress sensor 7 on 
supporting tube 4 is also fed to correction device 6. A measurement signal corrected on 
the basis of the stress signal outputted by stress sensor 5 detecting the stress state of 
measuring tube 1 and the stress signal outputted by measurement value sensor 7 detecting 
the stress state of supporting tube 4 is then outputted by correction device 6, i.e. specifi- 
cally a corrected signal for the mass flow rate through measuring tube 1 . 

[0025] Measuring tube 1 and supporting tube 4 are connected to one another in a man- 
ner excluding relative axial movements, whereby the axial spacing of the fixing points of 
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supporting tube 4 on measuring tube 1 represents the oscillation length of measuring tube 
1 . Two connection rings 8 joined to the supporting tube at the ends are provided for fix- 
ing supporting tube 4 to measuring tube 1 . Finally, an external accommodation cylinder 9 
is provided as a housing for the Coriolis mass flowmeter, said accommodation cylinder 
accommodating the assembly unit consisting of measuring tube 1, oscillation generator 2, 
measurement value sensors 3, supporting tube 6 and connection rings 8. Accommodation 
cylinder 9 has two connection rings 10 joined at the ends, to which a joining flange 1 1 
projecting outwards is joined in each case. Joining pipes 12 connected to measuring tube 
1 project through connection rings 10 up to joining flange 11. According to the present 
preferred embodiment of the invention, measuring tube 1 and joining pipes 12 are de- 
signed in one piece, so that overall it involves a continuous pipe. In order to protect join- 
ing pipes 12, the latter are surrounded by a reinforcing cylinder 13. 

[0026] With the Coriolis mass flowmeter according to the currently described preferred 
embodiment of the invention, therefore, a total of two wire strain gauges are provided, 
i.e. one for detecting the stress state of measuring tube 1 and one for detecting the stress 
state of supporting tube 4. As already explained in detail above, the oscillation length and 
the axial stress state of measuring tube 1, on the one hand, and the length and the axial 
stress state of supporting tube 4, on the other hand, can thus be ascertained, whereby 
length changes and the stress state of measuring tube 1 and supporting tube 4 are influ- 
enced to a differing degree by different influencing factors. 

[0027] In particular, it is the case that stress sensor 7 on supporting tube 4 is influenced 
only slightly by the temperature of the medium flowing through measuring tube 1, but 
much more markedly by the stresses acting from outside on the Coriolis mass flowmeter, 
such as traction, compression or torsion, and the ambient temperature. The ambient tem- 
perature can, in turn, influence stress sensor 5 on measuring tube 1 only slightly, since the 
temperature of measuring tube 1 is essentially determined by the temperature of the me- 
dium flowing through measuring tube 1 . 

[0028] With the currently described Coriolis mass flowmeter according to the preferred 
embodiment of the invention, therefore, the information concerning the respective stress 
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state originating respectively from measuring tube 1 and supporting tube 4 can be used 
jointly to correct the measurement signal, i.e. in respect of the measurement-signal influ- 
ences dependent on length and stress, by the application of an empirically determined 
correction function in correction device 6. As a result, an effective error correction of the 
measurement signal can thus be obtained. 

What is claimed is: 
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